Larger areas support more species. To test the application of this biogeographic principle to ponds, we consider the relationship between size and diversity for 80 ponds in Switzerland, using richness (number of species) and conservation value (score for all species present, according to their degree of rarity) of aquatic plants, molluscs (Gastropoda, Sphaeriidae), Coleoptera, Odonata (adults) and Amphibia. Pond size was found to be important only for Odonata and explained 31% of the variability of their species richness. Pond size showed only a feeble relationship with the species richness of all other groups, particularly the Coleoptera and Amphibia. The weakness of this relationship was also indicated by the low z-values obtained (< 0.13). The SLOSS analyses showed that a set of ponds of small size has more species and has a higher conservation value than a single large pond of the same total area. But we also show that large ponds harbour species missing in the smaller ponds. Finally, we conclude that in a global conservation policy (protection, restoration, management), all size ranges of ponds should be promoted. #
Introduction
Biogeographical theory has already been put into practice in applied fields including nature conservation (e.g. Gilpin and Diamond, 1980; Lahti and Ranta, 1985; May, 1986; Murphy and Wilcox, 1986; Primack, 1998) and the biogeographical principle that a larger area supports more species has been established for more than a century (see review of Rosenzweig, 1995) . This rule offers attractive applications for conservation biology, but the relation between this principle and nature conservation has been more assumed than tested. The biogeographical island (terrestrial or aquatic) has figured repeatedly in studies of size-dependent effects and freshwater examples are prominent in the rich literature on the species-area relationship, which encompasses streams, rivers, pools, ponds, lakes and wetlands (e.g. Lassen, 1975; Broenmark et al., 1984; Broenmark, 1985; Møller and Rørdam, 1985; Hugueny, 1989; Ward and Blaustein, 1994; Benayas et al., 1999) .
Ponds are important for biodiversity conservation (Biggs et al., 1994) but have been lost on a large scale during the twentieth century, reaching 40-90% for various northwestern European countries (Hull, 1997) . In Switzerland, the proportion of wetlands (including ponds) lost since 1800 has been estimated at 90% (Imboden, 1976) . Of the many taxonomic groups with pond-inhabiting species, two flagship groups-Amphibia and Odonata-are strongly associated with these small water bodies. Both groups are highly endangered and in most European countries for which data are available, 20-40% of their species are generally classified as being at least vulnerable. In the absence of more comprehensive data these two groups tend to be used as proxies for entire pond faunas. The assumption is that similar results are likely to be obtained for other taxa as we intensify inventories and species surveys. In North America, a recent analysis has shown that extinction rates among North American freshwater fauna are as high as for the fauna of tropical forests (Ricciardi and Rasmussen, 1999) .
Biogeographical theory (e.g. MacArthur and Wilson, 1967) would suggest that pond size should be large (''the bigger the pond, the better''), but the information available about the ecology of ponds and the consequences of their management (Biggs et al., 1994; Gee et al., 1997 ) is sparse and contradictory. Data are available for lakes, but ponds are a different type of freshwater system (e.g. Boothby, 1998) , and it is doubtful that results from lakes apply to ponds. Most published results of investigations conducted in ponds have been based on only one or two biotic groups and comparisons between many taxonomic groups investigated simultaneously are few.
Apart from consideration of the underlying mechanisms generating the species-area relationship (e.g. local or regional factors), we recognise five main questions: (1) Do large ponds support a higher species richness and how much of the variation in species numbers is explained by pond size? (2) Are the results the same if we first score species according to their degree of rarity? We refer to this weighted summation of species as ''conservation value''. (3) Do the taxonomic groups show the same or different trends? (4) Do individual species exhibit preferences for larger or smaller ponds? (5) Is a single large pond more favourable for biodiversity conservation than several small ponds (SLOSS)?
Methods

Study area
A previous inventory of 8000 ponds (Borgula et al., 1994 ) from the 60,000 known in Switzerland, provided the baseline data for choosing 80 ponds with a fairly even distribution among size classes ( Fig. 1) with a mean area of 8817 m2 and 1.66 m in depth. They are scattered throughout Switzerland (Fig. 2) , at altitudes ranging between 210 and 2757 m.a.s.l. Only 31 of these ponds are known to have a natural origin with an age exceeding 4000 years (last glacial retreat). The other 49, with various ages, are artificial, linked to past or present human activities (gravel or clay extraction, fish production, nature conservation, etc.). The main pond characteristics are listed in Table 1 (site details are available  on request) .
Survey of flora and fauna
The species richness of six taxonomic groups was investigated in the 80 ponds: aquatic plants, aquatic Gastropoda, Sphaeriidae (Bivalvia), aquatic Coleoptera (larvae and adults), adult Odonata, and Amphibia. All groups were sampled using a standardised survey method, during the summer months between 1996 and 1999 (inclusive), except for the Amphibia, which were inventoried over the 10-year period ending in 1996.
Plants considered here as aquatic are the 254 species listed in the highest humidity class (=5) of Landolt (1977) : this includes true aquatics (species submerged or with floating leaves) and most of the emergents. To this ''aquatic'' species pool, we added a set of 22 species listed by Landolt (1977) under class 4: Juncus effusus, Carex canescens, Carex flava, Carex lepidocarpa, Carex nigra, Eleocharis acicularis, Eleocharis quinqueflora, Equisetum palustre, Galium palustre, Agrostis stolonifera, Juncus conglomeratus, Scirpus sylvaticus, Juncus filiformis, Juncus inflexus, Lysimachia nummularia, Lythrum salicaria, Lysimachia vulgaris, Mentha longifolia, Myosotis scorpioides, Ranunculus repens, Rorippa palustris, Juncus articulatus. The Characeae, even when identified to species, were considered as only one taxon. Plant species composition was assessed using quadrat samples (0.5Â0.5 m). Quadrats were located in the water every 5 m, along transects perpendicular to the longest axis of each pond. Transects were taken every 5 m for small ponds and every 20 m for large ponds. An average number of 77 quadrats (min 8, max 460) was taken for each pond. Aquatic invertebrates (Gastropoda, Sphaeriidea, Coleoptera) were collected with a small-framed handnet (rectangular frame 14Â10 cm, mesh size 0.5 mm). The small size of the frame of this net makes it easy to handle among submerged or floating leaves, which are often impenetrable to a larger net. For each sample, the net was swept through the water intensively for 30 s. The number of samples (n) collected at each pond was dependent on pond size (S, in m 2 ) and calculated as follows:
The number of samples taken ranged from 2 to 29 (average: 11.4). Sampling was stratified in the dominant habitats (from the land-water interface to a depth of 2 m): submerged and emergent vegetation, dead organic matter (litter), inorganic substrate (stones, gravel, etc.). When stones or gravel were sampled, they were collected in the net, and washed away from the pond. In all cases, the collected material was preserved in 5% formaldehyde and then comprehensively sorted in the laboratory. Specimens of Gastropoda, Sphaeriidae and Coleoptera were identified to species level and counted.
The diversity of adult Odonata was assessed using a standardised field survey method combining observations from early and late summer (Oertli et al., 2000) and the species richness of Amphibia was obtained from exhaustive inventory data collected over past few years (Borgula et al., 1994) and made available from the Swiss fauna databank (CSCF-KARCH, Neuchaˆtel, Switzerland).
Richness measured from a non-exhaustive sampling programme is affected by the sampling effort-as area or sample size increases the number of individuals rises consequently and the number of species would also rise (Connor and McCoy, 1979) . Except for Amphibia, which were considered complete, and Sphaeriidae, whose numbers of species were too small, this sampling bias was reduced prior to analysis by means of a Jackknife estimator (Burnham and Overton, 1979) , calculated with the computer program Ws2m.exe (Turner et al., 2000) .
Conservation value of species assemblages
We have employed two criteria as measures of the biodiversity: species richness and conservation value. The conservation value of pond species assemblages was assessed by a procedure similar to those commonly used in the United Kingdom in which every species received a score according to its degree of rarity (Eyre and Rushton, 1989; Foster et al., 1992; Painter, 1999; Linton and Wetzel, 1983) 2.4 1 (oligotroph) 4 (hypertroph) 2 (mesotroph) a The yearly air temperature was derived from a long-term mean ) based on monthly values from 115 climate stations and a digital terrain model on a 25-m grid.
b Ratio of the length of the shoreline to the circumference of a circle of area equal to that of the pond (Wetzel, 1983) . c Percentage of the littoral zone (depth < 3 m) covered by this type of vegetation. d Measure of the pond isolation. This measure takes into account the number and size of ponds within a radius of 1000 m and their distance to the studied pond. Large values correspond to low isolation. Goulder, 2000). Swiss species are ranked according to their degree of rarity in Switzerland in the national Red List (Landolt, 1991; Duelli, 1994) . For Coleoptera, however, only a partial national Red List exists, covering the Adephaga; therefore the conservation value of non-Adephaga species was arbitrarily assigned to the minimal value (1). The scores assigned to each species are presented in Table 2 .
Two conservation values were calculated. The conservation value per site of the species assemblage (C) was the sum of the scores of all species present in the site. The mean conservation value per site (Csp) was the value C divided by the number of species present in the site.
Results
The sampling of the 80 ponds produced 154 aquatic plant species and 182 species belonging to the five faunal groups selected for study. Among them, 40 plant species and 89 animal species are rated as endangered in Switzerland (Table 3) . For all of the taxonomic groups studied, the species collected represent >50% of the regional species pool (Switzerland), apart from the Coleoptera Adephaga (29%). Aquatic plants and Amphibia were present in all the ponds sampled, Gastropoda in 71%, Sphaeriidea in 63%, Coleoptera in 91% and Odonata in 96%. The mean species richness per pond was 11.6 for aquatic plants, 3.2 for Gastropoda, 1.1 for Sphaeriidae, 8.0 for Coleoptera, 8.4 for Odonata and 4.4 for Amphibia.
Species-area relationship
Prior to analysis of the relation between diversity and area, we investigated the correlation between diversity and other environmental variables. Altitude appeared to be the main factor and accounted, respectively for 12% (aquatic vegetation), 28% (Gastropoda), 45% (Odonata), 27% (Coleoptera), 47% (Amphibia), 57% (faunal species richness) of the variance of the richness. Other pond variables were also involved in driving diversity of some of the taxonomic groups but accounted for a lower proportion of the variance: shade (9%, Odonata), shoreline development (9%, Coleoptera), connectivity (4%, Amphibia), coverage by the submerged vegetation (14%, Coleoptera), coverage by the floating vegetation (9%, Gastropoda), eutrophication (16%, vegetation; Table 3 Species richness of aquatic plants, Sphaeriidae, Gastropoda, Coleoptera, Odonata, Amphibia, and the five faunal groups pooled, in the 80 ponds. The number of endangered species (classified on the national Red List) is indicated in brackets a R, correlation associated with the log-log relationship (Fig. 3) ; z, slope of the relationship; NS, not significant * P<0.05. ** P <0.01. **** P<0.0001. 4% Amphibia) and age (4%, Amphibia). Because of the importance of altitude, in subsequent analyses we have presented the results from the total set of 80 ponds and the subset of the 60 lower altitude ponds (altitude 41400 m.a.s.l.; i.e. excluding alpine and subalpine ponds) as separate sets of figures. When all ponds were considered, the correlation between richness and pond area (expressed as log 10 ) was positive and significant for the aquatic plants, the Gastropoda, and the Odonata, with area accounting for 7, 7 and 6% of the variance of richness respectively. This relationship was not significant for Sphaeriidae, Coleoptera, Amphibia and total faunal species richness (the five groups pooled; Table 4 ; Fig. 3 ). For the 60 low altitude ponds, these values reached 8, 8 and 31%, respectively, and there was a significant value for the five faunal groups pooled (12% of the variance). The correlations were still not significant for the Sphaeriidae, the Coleoptera and the Amphibia.
With the exception of the Odonata, all significant correlation values were relatively low; this indicates that, although these results support the general contention that there is a positive relation between area and richness, there are many other factors influencing this relationship. This is illustrated in Fig. 3 , where many ponds fall far from the regression line.
The significant relationships between richness and area all showed low slope (z values): 0.07 (aquatic plants), 0.11 (Gastropoda), 0.09 and 0.13 (Odonata), 0.07 (faunal richness).
Relation between area and conservation value
For conservation values (total or mean score for all species present), a significant relationship with pond area was only evident in the case of Odonata (Table 5) . High conservation values of the assemblages of aquatic plants, Gastropoda, Coleoptera, Amphibia and of faunal groups pooled were found in all sizes of ponds (Fig. 4) .
There is thus a lack of correspondence between the significance of pond size, as measured by ''species richness '' and ''conservation value''. The correlation (r) between these two criteria was relatively high for Amphibia (0.988), Gastropoda (0.890) and Odonata (0.869), but appears weaker for aquatic plants (0.766) and Coleoptera (0.800).
SLOSS analysis
Cumulative species curves allow estimation of whether or not a single large patch is more favourable than several small patches (e.g. Douglas and Lake, 1994, Honnay et al., 1999) . We constructed such curves for both richness and conservation value. For all situations (Fig. 5) , the ''small to large'' curve lies clearly above the ''large to small'' curve. Thus a set of ponds of small size has more species and has a higher conservation value than a single large pond of the same total area. When comparison is made between taxonomic groups, the magnitude of the space between the two curves highlights the conclusion that ''several smaller ponds'' are particularly favourable for Coleoptera.
But this result masks the reality that large ponds (like small ponds) can have a distinctive fauna and are also important for conservation. For example, if we remove the largest ponds we loose a part of the global species pool for each taxonomic group, with the exception of Amphibia (Table 6 ). The same type of process conducted with the smallest ponds leads also to a loss of Table 5 Relation between pond area (log 10 ) and ''conservation value'' of species assemblages a All 80 ponds Subset of 60 ponds (excluding ponds of altitude) 095 NS a C, total conservation value; Csp, mean conservation value per species. Sphaeriidae were not included. R, correlation associated with the log-log relationship (Fig. 4) species. The removal of medium sized ponds can also induce a loss of species, particularly for Coleoptera whose species pool would be greatly affected.
Species response to pond size
The occurrence of the 64 most frequent species (plants and animals) was examined in relation to pond size (species occurring in > 16% of the ponds). Among these, about one fifth showed a significant relationship to pond size (non-parametric Mann-Whitney test, P < 0.05): one Coleoptera species for small ponds, and 11 species (two aquatic plants, two Gastropoda and seven Odonata) for large ponds (Table 7) . None of the 64 taxa showed a preference for medium sized ponds.
Relationship between faunal and floral diversity
Besides the relationship between diversity and area, it is also important to know if the faunal diversity (species richness and conservation value) was correlated with floral diversity (species richness). This relationship is impossible to test directly, because floral diversity is linked to area and altitude and could, in consequence, act as a surrogate of area and altitude in the mathematical relationship. To overcome this problem, we calculated first the amount of variability of faunal diversity explained by the two variables ''area'' and ''altitude''. The third variable ''floral diversity'' was then added to see if this increased the proportion of the variability of the faunal diversity explained. This analysis showed clearly that for Gastropoda, Coleoptera, Odonata and the four faunal groups pooled, species richness and conservation value ''C'' (total score of all species) were related to floral diversity (Fig. 6) , but with weak relations. For the Amphibia, there was obviously no relation. In the case of conservation value Csp (mean score per species), only the Odonata (and to a much lower extent the Coleoptera) seem to be affected by the floral diversity.
Discussion
Does a larger area support more species?
The biogeographic principle that larger areas support more species seems to have limitations in its application to ponds. In the set of ponds studied here, this principle was relevant for Odonata and to a lesser extent for Gastropoda and the total species richness of the five faunal groups. This was not the case for the three other taxonomic groups investigated, the Coleoptera, Sphaeriidae and Amphibia. This result also underlines the reality that different taxonomic groups can show different trends. Gyraulus albus **, Radix auricularia ** Odonata Aeshna grandis **, Anax imperator **, Cordulia aenea **, Enallagma cyathigerum ***, Ischnura elegans *, Orthetrum cancellatum ****, Somatochlora metallica ** Species whose occurrence showed no significant relationship to pond size For aquatic plants, a positive relationship between pond size and species richness could be a valid generalisation. The same positive relationship was also shown in the studies of Møller and Rørdam (1985) , Gee et al. (1997) , Jeffries (1998 ) Pond Action (1994 , although the works of Friday (1987) and Linton and Goulder (2000) provide exceptions. Further, the same positive trends have been shown for lakes (Rorslett, 1991; Lachavanne et al., 1986) .
For the fauna the published data are more heterogeneous. As we observed for Odonata and Gastropoda, a positive relation between area and richness is evident for Crustacea (Fryer, 1985) , for Dytiscidae (Nilsson and Svensson, 1995) and for Gastropoda (Lassen, 1975; Broenmark, 1985) . Such trends were also observed in lakes for Gastropoda (Aho, 1978; Browne, 1981) or macroinvertebrates in general (Allen et al., 1999) . Absence of significant relationship, as we observed for Sphaeriidae, Coleoptera and Amphibia, has also been reported by other authors for macroinvertebrates (Friday, 1987; Pond Action, 1994; Gee et al., 1997) and for Amphibia (Hecnar and McCloskey, 1998) . It must also be emphasised that most of the cited studies did not remove the sampling effort effect. Many of the positive relationships found could be a consequence of this, and so possibly cannot be relied upon.
As z-values illustrate the strength of the effect of area on species number (Murphy and Wilcox, 1986) , the low values we observed (from 0.07 to 0.13) demonstrate the weakness of the relationship. In other relationships between species richness and area (mainly from terrestrial habitats), z-values obtained are typically around 0.25, with a range from 0.20 to 0.40 (Connor and McCoy, 1979) . For water bodies, it appears from the published values that z is often smaller. Low values of z were reported for pond snails (0.114; Broenmark, 1985) , for small lakes Gastropods (0.16; Aho, 1978) , for pond macrophytes (0.13; Gee et al., 1997; 0.129; Broenmark, 1985; 0.189 and 0.182; Jeffries, 1998) , for stream macroinvertebrates (0.19; Broenmark et al., 1984) , for vascular plants from small lakes (0.13; from data in Virola et al., 1999) , for fish from lakes (0.15; Barbour and Brown, 1974) . Some higher values have been reported for pond vascular plants (0.27-0.32; Møller and Rør-dam, 1985) , for snails from small eutrophic ponds (0.37; Lassen, 1975) or from lakes (0.23; Browne, 1981) . The low z-values observed in the Swiss ponds, and the nonsignificant relations between area and richness, give two bases for argument that area may be of only secondary importance in determining pond biodiversity.
The vegetation itself was expected to play a direct role in driving faunal diversity: a higher flora diversity can be an indicator of higher habitat diversity, and as Rosenzweig (1995) recalled it, ''The greater the habitat variety, the greater the species diversity''. Nevertheless, only a weak relationship was observed and it did not apply at all to Amphibia.
Does a larger area support a higher conservation value?
Weighting individual species according to their rarity reduced rather than increased the statistical relationship with pond area. In other words, even small ponds could contain important groups of species for conservation. Similar results were obtained by Pond Action (1994) in Oxfordshire and by Linton and Goulder (2000) in East Yorkshire.
Differences between the information provided by species richness and conservation value in the case of vegetation and Gastropoda demonstrates that richness cannot act as a surrogate for conservation value. The low level of correspondence between these two parameters was also observed in other situations, for example in Irish water beetle assemblages, where some assemblages with relatively few species had high speciesquality scores (Foster et al., 1992) . This is also true on a larger geographic scale, where conservation of speciesrich sites is not synonymous with effective conservation of rare species (Prendergast, 1993) .
Many small or a few large?
In our study, a set of ponds of small size had more species and had a higher conservation value than a single large pond of the same total area. Helliwell (1983) also observed such a pattern for plant species. Nevertheless, large ponds cannot be ignored in conservation policy, since our study shows that they can harbour species missing in the smaller ponds. Furthermore, many species occur in both large and small ponds, and larger populations will live in larger ponds and will be less sensitive to extinction. Fig. 6 . Percentage of the variability of faunal diversity explained by the species richness of the vegetation. Faunal diversity is represented here by three components: the species richness, the conservation value C (total score of all species) and Csp (mean score per specie). The percentage of variability value was obtained by subtraction of (1) the percent of variability of faunal diversity explained by the two variables altitude and area, from (2) the percent of variability of faunal diversity explained by the three variables altitude, area and species richness of vegetation. The percentage of variability corresponds with the R 2 from the multiple regression linking faunal diversity to the other variables.
At the species level, while one fifth of the species showed a preference for large ponds, only one species (Agabus bipustulatus, Coleoptera) appeared to be more frequently associated with smaller ponds in this study. However, Fryer (1985) , for example, found that some species of Crustacea appeared to be more frequently associated with smaller ponds.
Our results demonstrate that, in relation to promoting species richness and/or richness of endangered species in ponds, pond size is a prominent parameter only for selected taxa or groups. Contrary to what would be expected from biogeographic theory, a pond does not necessarily have to be large to have a high value. In terms of their conservation (protection, restoration and management), there is a need to promote conservation of all ponds, regardless of their area. Since the creation of small ponds is a relatively easy task, such an undertaking should be recommended to people with an interest in ponds (farmers, local authorities, nature conservation organisations, schools, etc.) and could have a beneficial impact on conservation of freshwater biodiversity. Suitable advice on ''appropriately designed'' pond creation can be found in the ''Pond book'' (Williams et al., 1999) .
